
Review Article JOURNAL OF CLINICAL AND EXPERIMENTAL HEPATOLOGY

H
ep

a
tic

Encep
h
a
lo
p
a
thy
Keyword
phalopa
Received:
2018
Address f
cine, Ce
“Sapienz
E-mail: n
Abbrevia
patic Po
https://d

Journal
Radiological Intervention for Shunt Related
Encephalopathy
Silvia Nardelli *, Stefania Gioia *, Lorenzo Ridola y, Oliviero Riggio *

*Department of Clinical Medicine, Centre for the Diagnosis and Treatment of Portal Hypertension, “Sapienza” University of Rome, Rome, Italy
and yDepartment of Gastroenterology, “Santa Maria Goretti” Hospital, “Sapienza” Polo Pontino, Latina, Italy
Hepatic Encephalopathy (HE) is a neuropsychiatric syndrome that occurs in up to 30% of patients with
cirrhosis. HE may be a consequence of pure liver failure, as in patients with fulminant hepatitis, or of the
combination of liver failure and portal-systemic shunting, as in patients with liver cirrhosis. Several clinical and
pathophysiologic observations suggest the importance of portal-systemic shunts in the development of HE.
Episodes of HE are usually related to precipitating events, such as infections or gastrointestinal bleeding; a
minority of cirrhotic patients experienced a chronic HE, refractory to standard medical treatment. This latter
type of HE should be related to spontaneous or radiological (such as Transjugular Intrahepatic Portosystemic
Shunt (TIPS)) portal systemic shunts, that could be restricted or occluded in patients with chronic HE. Both
TIPS reduction and shunt occlusion are radiological procedures, safe and effective to ameliorate neurological
symptoms in patients with refractory HE. ( J CLIN EXP HEPATOL 2018;8:452–459)
epatic Encephalopathy (HE) is a major compli- without ascites or esophageal varices, and this contrasts
Hcation of cirrhosis and refers to potentially
reversible neuropsychiatric abnormalities

related to an accumulation of toxins due to hepatocellular
dysfunction and portosystemic shunting.1–3 The preva-
lence of overt HE at the time of diagnosis of cirrhosis
is 10–14% in general, 16–21% in those with decompen-
sated cirrhosis and 10–50% in patients with Transjugular
Intrahepatic Portosystemic Shunt (TIPS).4 According to
the recent guidelines,4 HE could be subdivided into: epi-
sodic HE, fully reversible; recurrent HE characterized by
bouts of HE that occur with a time interval of 6 months
or less and persistent HE that denotes a pattern of behav-
ioral alterations that are always present and interspersed
with relapses of overt HE. While in some patients HE is
related to a precipitating event as infection or gastrointes-
tinal bleeding, other patients have chronic HE, refractory
to the conventional medical therapy with lactulose, non-
absorbable antibiotics and an appropriate protein-
restricted diet characterized by persistent alterations in
the mental status, often without evident precipitating
events.4 Paradoxically, some of these patients may present
clinically with a relatively mild hepatocellular disease,
s: transjugular intrahepatic porto-systemic shunt, hepatic ence-
thy, spontaneous portal-systemic shunts
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with the severity of the neurological impairment. The
treatment results are usually unsatisfactory, and these
patients are hospitalized several times with consequent
deterioration of their quality of life. In these patients the
chronicity of HE may be sustained by presence of unrec-
ognized large Spontaneous Portal-systemic Shunts
(SPSSs).3–5 Another condition that often increased the
risk of recurrent or persistent HE is the placement of
TIPS, a radiological procedure widely used in the manage-
ment of complications of portal hypertension.6,7
PORTOSYSTEMIC SHUNTS IN CIRRHOSIS—
CLASSIFICATION, TYPES, CLINICAL
IMPLICATIONS, NATURAL HISTORY

SPSSs are, as the name implies, potential communications
between the portal venous system and the systemic venous
circulation than can open and grow when portal pressure
increases. These SPSS act as “release valves” to reduce the
portal pressure, but also act as bypasses to normal liver
flow. At one point, the shunt becomes large enough that it
starts contributing to the progression of the liver disease.8

The main types of SPSSs are: paraumbilical vein, splenore-
nal, splenoiliac with internal hemorrhoids, esophageal
varices and gastrocaval, indirect gastrocaval, gastrorenal
associated with gastric varices.8 SPSSs can be classified
into left-sided and right-sided (central) shunts; the most
frequent right-side shunt is represented by recanalization
of paraumbilical vein, while the most common left-sided
shunts are gastrorenal shunt, observed in 85% of patients
with gastric varices, gastrocaval shunt and splenorenal
shunt. The clinical manifestations of these latter shunts
comprise gastric variceal bleeding, HE and portal vein
| No. 4 | 452–459 ã 2018 INASL.
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thrombosis if the shunt is very large. Moreover, SPSSs
could be classified in large or small size according to its
maximum diameter, with a cut-off of 8 mm; this value was
chosen since it was the smallest size of a symptomatic
shunt embolized reported in the literature.9,10

SPSSs have been described in both patients with cir-
rhosis and in patients without significant alterations of
liver function.11 The presence of the shunt alters hepatic
hemodynamics and increases the bioavailability of intes-
tinally derived agents, such as ammonium, increasing the
risk of HE. Several clinical and pathophysiologic observa-
tions suggest the importance of portal-systemic shunts in
the development of HE and previous reports suggested
that 46–70% of cirrhotic patients with refractory HE show
SPSSs upon radiological screening.3,5,6 Our group dem-
onstrated the presence of SPSSs in 71% of cirrhotic
patients with chronic HE, refractory to the standard med-
ical treatment.3

A large shunt therefore may be the cause of HE even in
the absence of significant liver damage; this type of
encephalopathy is currently classified as type B (from
the word “bypass”) HE.4 In patients with Non-cirrhotic
Portal Hypertension (NCPH) with minimal alterations of
liver function, the presence of large portal-systemic shunts
may be associated with neurologic abnormalities, abnor-
mal ammonia levels, and magnetic resonance
Figure 1 (A) Direct spleno-renal shunt: Maximum Intensity Projection (MP
between the splenic vein (dotted arrow) and its confluence within an ectatic
wall. (B1–B2–B3) Splenogastrorenal or indirect splenorenal shunt: consecutiv
anastomosis connects, toward a short gastric vein, the gastric vein wall (gas
(full arrow, panel B3) via the left inferior phrenic vein with connection wit
reconstruction depicting how gastric varices are connected to the left ren
demonstrate a cleavage plane among the splenic vein (dotted arrow, pane
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spectroscopy pattern similar to that observed in cirrhotic
patients with HE.12–14

The term “Portosystemic Shunt Syndrome” (PSS)
includes the signs and symptoms observed in cirrhotic
patients with SPSSs.15,16 In the Saad classification, three
stages were described. In the early stage (A), the patient is
asymptomatic with well-preserved hepatic function and
large SPS. In the late stage (B), the patient is symptomatic
with recurrent/persistent HE and fairly-preserved hepatic
function. In the terminal/end stage (C), HE related to both
shunt and liver failure, thrombosis of the portal vein (due
to a larger fraction of shunted blood), ascites and jaundice
are present. Thrombocytopenia (seen in >90%) is also
frequently observed in patients with PSS.

A recent multicenter retrospective study shown that,
among cirrhotic patients, the prevalence of SPSS
increases as liver function deteriorates (more frequent
in cirrhotic patients with MELD score above 10), proba-
bly as a consequence of worsening portal hypertension,
but without achieving an effective protection against its
complications. Patients with good liver function and
SPSSs develop more portal hypertension-related compli-
cations (GI bleeding and ascites) and have a lower trans-
plant free survival. In patients with preserved liver
function, the search for SPSSs allows to identify patients
with a higher risk of worse outcomes, so these patients
R) coronal reconstruction; the shunt consist in a tortuous varicosities
left renal vein (full arrow) in the absence of varicosities along the gastric
e MPR coronal reconstruction depicting a splenogastrorenal shunt. The
tric and perigastric varices) (dotted arrow, panel B2), to the left renal vein
h the splenic vein. (C1–C2) Gastrorenal shunt: MPR coronal oblique
al vein (full arrow, panel C1). Axial images at the splenic hilum clearly
l C2) and the ectatic left renal vein.
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would probably benefit from a closer surveillance and
more intensive therapy.10

Some cirrhotic patients with HEwho appear normal on
the first view show extrapyramidal and cerebellar symp-
toms at precise neurological examination.17 Some develop
a progressive hypokinetic-rigid syndrome which has lately
been referred to as “cirrhosis-related Parkinsonism”, but
features such as progressive ataxia, dystonia, choreoathe-
tosis or spastic paraparesis may also be present andmay be
accompanied by progressive cognitive dysfunction. This
chronic progressive form of HE is usually refractory to
standard medical treatment and is frequently associated
to the presence of SPSSs. Philips et al. demonstrated that
in five of seven patients with hepatic Parkinsonism, the
embolization of the shunt significantly improved neuro-
logical symptoms (Figure 1).18
PORTOSYSTEMIC SHUNTS OCCLUSION—
METHODS, TECHNIQUES, INDICATIONS,
CONTRAINDICATIONS, OUTCOMES,
ADVERSE EFFECTS, LITERATURE REVIEW
OF LARGE SIGNIFICANT STUDIES

The treatment of PSS has become important in daily
clinical practice. Interventional radiology treatments
using a catheter have become a leading treatment for
portal hypertension because of the extensive range of
indications it provides using many kinds of procedures.18

With Balloon-occluded Retrograde Transvenous Obliter-
ation (BRTO), a balloon catheter is placed retrogradely in
the gastrorenal shunt or in the inferior phrenic vein
flowing into the inferior vena cava so that a sclerosant
can be injected into the gastric varices for thrombus
formation while the blood flow is cut off. The diameter
of the gastrorenal shunt is measured at the base of the
shunt at the communication point with the left renal vein,
which where the occlusion balloon will be placed. The
balloon diameter is chosen to match the diameter of the
shunt. BRTO has been shown to be very effective in
treating gastric varices and refractory HE associated with
porto-systemic shunts with very low recurrence and
rebleeding rates (0–9%).19,20

The main indications for BRTO are: acute or previous
bleeding from gastric varices sustained by a gastrorenal
shunt; recurrent HE due to the presence of a SPSS or
bleeding attributable to portal hypertension such as
duodenal varices and mesenteric varices. Regarding con-
traindications, BRTO should be avoided when the con-
trast agent flows easily from the shunt into the portal
vein under balloon-occluded retrograde venography,
because there is a risk of portal thrombosis due to scle-
rosing agent migrated into the portal vein.18 Ethanol-
amine oleate has been used most commonly in Asia as a
sclerosant.21 However, reported complications include
454
renal dysfunction, pulmonary edema, cardiogenic
edema, and anaphylaxis.20,22 To avoid these complica-
tions, sclerosants such as Sodium Tetradecyl Sulfate
(STS) have been utilized instead of ethanolamine.23

The most common shunt to be occluded during a BRTO
procedure is a gastrorenal shunt, which provides venous
outflow in 90% of gastric varices cases with the remaining
10% draining through a gastrocaval shunt.24

In some circumstances, sclerosant injected do not flow
into the gastric varices but rather drains into the inferior
vena cava or the azygos venous system through the col-
lateral veins. Therefore, the pre-operative evaluation by CT
scan and the occlusion of the collateral veins is necessary
for the sclerosant to retain in the gastric varices.18

Recently, newly developed techniques such as Plug
Assisted Retrograde Transvenous Obliteration (PARTO)
or Coil Assisted Retrograde Transvenous Obliteration
(CARTO) have been developed in order to shorten the
procedure time of conventional BRTO. In PARTO, a vas-
cular plug is used as a substitute for the balloon and this
has been found to be technically and clinically equivalent.
PARTO decreases procedure time and risk of potential
complications as an indwelling balloon catheter is not
required.25 However, there are some disadvantages, which
lead to incomplete occlusion of the shunt with high
recurrence rate or pulmonary embolization due to the
embolus passing through the collateral vessels.

Gwon et al. conducted a prospective multicenter study
to evaluate technical and clinical outcomes of PARTO for
the treatment of gastric varices and HE in 73 patients and
they demonstrated that PARTO can be rapidly performed
with high technical success and durable clinical efficacy in
patients with SPSSs. In CARTO, large-sized coils are used
instead of the plug.26

The main complications, even if rare, associated to
shunt's embolizations are: hematuria, pulmonary edema
and shock due to the use of ethanolamine oleate, allergic
reactions to the sclerosant, portal thrombosis caused by
inflow of the sclerosant from the left gastric vein into the
portal vein or from the splenorenal shunt into the splenic
vein.27

Different studies demonstrated that shunt-related HE
due to the increased shunt blood flow can be dramatically
improved by closing the shunts.18,28–30 In many cases,
however, many other shunts exist, and mild HE may
remain when only the gastrorenal shunt is closed. In these
cases, it is necessary to consider closing the other shunts.

The largest European multicenter study28 showed that
embolization of SPSSs in 37 patients with chronic HE
significantly improved neurological symptoms and
reduced the incidence of HE after the procedure. Consid-
ering secondary parameters of success, defined as either
improved autonomy, or decreased number of hospital-
izations or severity of the worst HE episode after emboli-
zation, an improvement was observed in three-quarters of
ã 2018 INASL.
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the patients. Laleman et al. also found that MELD > 11
was a significant risk factor for the development of recur-
rence of HE in the long-term.28 In a separate study,
Mukund et al. evaluated 20 patients who underwent
BRTO specifically for recurrent HE29; the clinical response
was 80% at 24 months. Clinical success was defined as
improvement in HE (preferably by objective psychomet-
ric/cognitive criteria), reduction in serum ammonia levels,
and reduction of medications used to manage HE.
Recently, an Indian group demonstrated in 21 cirrhotic
patients that embolization of SPSSs significantly amelio-
rated HE symptoms, serum ammonia levels and Child–
Pugh score.18 In this study they found that patients with
Child–Pugh score > 11 had very high mortality. Further-
more, Patil et al.,30 performed a systematic review and
meta-analysis of six studies involving occlusion/emboli-
zation of SPSS for medically refractory HE in cirrhotics
with Child–Pugh A disease and MELD score < 15. Lie-
norenal shunts were predominant, and 90% of the proce-
dures performed were technically successful and did not
result in any procedure-related complications. Improve-
ment in HE was seen in a pooled percentage of 76.2%. De
novo variceal disease was seen in 6%, and new onset or
worsening ascites was seen in 14%. The authors concluded
that PSS occlusion or embolization was safe with minimal
complications in patients with adequate functional liver
reserve. The main studies reporting the effect of sponta-
neous shunt occlusion in patients with chronic/recurrent
refractory HE are reported in Table 1.

In conclusion, patients who seems to benefit from
shunt's occlusion are patients with symptomatic SPSSs
larger than 8 mm and with a relatively mild liver disease
(Child Pugh score < 11; MELD score < 11); in the others
shunt occlusion should be evaluate with caution and liver
transplantation could be considered.
HEPATIC ENCEPHALOPATHY AFTER
TRANSJUGULAR INTRAHEPATIC
PORTOSYSTEMIC SHUNT (TIPS)—RISK
FACTORS, IMPLICATIONS, NATURAL
HISTORY OF PORTAL HYPERTENSION
AFTER TIPS

TIPS has been used since more than 25 years to treat some
of the complications of portal hypertension, especially
variceal bleeding and ascites refractory to conventional
therapy.7 TIPS establishes a communication between the
portal and hepatic veins, inducing the blood to shift from
the splanchnic circulation into the systemic vascular bed
with the aim of decompressing the portal venous system,
and avoids the major complications of portal hyperten-
sion. To date, with the use of the new Polytetrafluoro-
ethylene (PTFE)-covered stents that have reduced
significantly the incidence of shunt insufficiency,31 the
Journal of Clinical and Experimental Hepatology | December 2018 | Vol. 8
main problem in the long-term management of patients
submitted to TIPS is the development of overt HE.32 Two
main causes are involved in post-TIPS HE: portal blood
diversion from the liver due to portal-systemic shunting,
variable and dependent on the stent diameter and the
portosystemic gradient,33 and the decrease in liver meta-
bolic capacity which, however, may be further reduced by
the procedure. The incidence and severity of HE are higher
during the first month after a TIPS procedure and
decrease progressively because the diameter of the shunt
tends to decrease spontaneously.32 Different trials inves-
tigated the main risk factors of post-TIPS HE which are:
history of previous HE, older age, high creatinine levels,
low serum sodium and low albumin values,34 low Porta-
caval Pressure Gradient (PPG) and Child–Pugh score.35,36

Two recent studies demonstrated that also minimal HE37

and sarcopenia pre-TIPS38 have a strong impact on overt
HE development after TIPS placement.

The overall incidence of post-TIPS HE ranges between
10% and 50%4 and can be derived by several Randomized
Controlled Trials (RCTs) in which TIPS was compared
with standard non-derivative therapy for the prevention of
variceal rebleeding or the treatment of refractory ascites.32

In the RCTs for the prevention of variceal rebleeding,
the incidence of post-TIPS HE was significantly higher
than that reported in patients submitted to non-derivative
treatment. This observation was not confirmed in the
trials comparing TIPS with large volume paracentesis
for intractable ascites in which the rate of HE was similar
in the 2 groups of patients, probably because of the very
high incidence of HE, independent of TIPS, in patients
with very advanced liver disease and refractory ascites.
However, even in this kind of patients, chronic HE was
more frequent in those submitted to TIPS than in those
treated with repeated paracentesis.32
TECHNIQUES OF TIPS REDUCTION—
CLINICAL IMPLICATIONS AND LITERATURE
REVIEW

Chronic recurrent HE refractory to standard treatment is
the most important problem faced when a patients has to
be treated with TIPS that occurs in 5–10% of patients. In
some cases, the occurrence of this complication may
deeply reduce the patient's quality of life and can be
treated by reducing the diameter or by occluding the
stent.39 In fact, HE ameliorated in most patients submit-
ted to stent revision, however, the procedure is not with-
out dangers and may not solve the problem in all patients,
and the complications of portal hypertension, such as
varices or refractory ascites may recur. Therefore, the
decision of revising the shunt should be taken with cau-
tion, on a strict definition of refractory HE and only in
patients free of portal hypertension before the revision.
| No. 4 | 452–459 455



Table 1 Main Studies Reporting the Effect of Spontaneous Shunt Occlusion in PatientsWith Chronic/Recurrent Refractory HE.

Studies No. of pts. with
refractory HE/
treated with

shunt occlusion

Procedure Technical
success rate

(%)

HE improvement
rate (%)

Adverse events
after shunt
occlusion

Causes of death

Sakurabayashi, 19979 7/7 CARTO
BRTO

100 57 Fever, transient
pleural effusion,
ascites, and
mild esophageal
varices

–

Chikamori, 200051 5/5 BRTO 100 100 Fever 1
Bleeding 1

Progression of
HCC 1

Zidi, 200752 7/7 CARTO
BRTO

100 15 – End stage liver
disease 3

Mukund, 201229 7/7 BRTO 86 86 Abnormal liver
function test
results, acute
kidney injury with
leukocytosis 2

–

Laleman, 201328 37/37 CARTO
PARTO

100 78 Varices 19 (de
novo 2)
Ascites 15 (de
novo 6)
Bleeding 1

No deaths

Naeshiro, 201453 14/14 BRTO 100 93 Varices 4 Other causes
not related to
liver failure 5

An, 201440 17/17 CARTO
PARTO

100 59 Ascites 3
Varices 8
Bleeding 0

Progression of
HCC 2
Sepsis 1
Hepatorenal
Syndrome 3

Gwon, 201519 16/73 PARTO 100 100 Ascites 5
Varices 4
Bleeding 0

Deterioration of
liver function 4
Progression of
HCC 1

Philips, 201718 21/21 CARTO
PARTO
BRTO

95 75 Ascites 8 (de
novo 3)
Varices 15 (de
novo 1)
Bleeding 1

Hemoperitoneum
and multiple
organ failure 1
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Although the procedure adopted for the reduction of the
diameter permits the portal pressure modulation, it is very
difficult to establish which portosystemic pressure gradi-
ent values should be reached to avoid further episodes of
HE as well as events eventually occurring after the recur-
rence of portal hypertension.40

In the treatment of patients with chronic HE, various
percutaneous techniques have been described that alter
the hemodynamics through the shunt by occluding it with
coils or balloons or by reducing its diameter by inserting
constrained stents or stent-grafts.41 These methods based
on partial or complete occlusion of the shunt have been
adopted to control the portosystemic shunt overflow that
can occur after a TIPS placement.42 Although initial
attempts at percutaneous shunt occlusion with coils or
detachable balloons were successful,43 these techniques
456
were associated with a high morbidity and mortality44

related to the recurrence of variceal bleeding or to balloon
migration into the right side of the hearth or balloon
rupture. Now a days the Amplatzer Vascular Plug (AVP;
AGA Medical, Golden Valley, MN, USA) is favored in
occluding large-diameter high-flow vessels because of
the lack of migration and ease of placement.45 The com-
plete stent's occlusion, however, is associated with a high
risk of variceal rebleeding consequent to an irreversible
increase in portal pressure.

From the data available, partial occlusion of a TIPS
appears to be more attractive than complete occlusion
because partial occlusion allows reversal of flow-related
complications and control of portal hypertension. To
overcome the problems associated with shunt occlusion,
several techniques have been developed that diminish flow
ã 2018 INASL.



Table 2 Main Studies Reporting the Effect of Shunt Reduction in Patients with Chronic/Recurrent Refractory Post-TIPS HE.

Studies No. with
refractory HE/
treated with

TIPS

Child–Pugh
class

No. of pts.
improved

Adverse events
after TIPS
reduction

PPG pre (mmHg) PPG post (mmHg)

Bureau, 201755 1/29 C:1 1 – – –

De Santis, 201656 2/38 B:1
C:1

2 Ascites 1
Bleeding 1

6.5 � 2.6 12.7 � 3.8

Nardelli, 201637 3/82 B:1
C:2

3 – 5.6 � 3.2 12.1 � 2.7

Cookson, 201157 8/NR B:3
C:5

5 Bleeding 3
Deaths 2

4.9 � 3.6 10.5 � 3.9

Fanelli, 200950 12/189 A:1
B:5
C:6

12 Ascites 1
OLT 1
Deaths 4

6.6 � 2.69 15.1 � 3.4

Riggio, 200834 6/78 6 Ascites 1
Death for
bleeding 1

5.5 � 2.1 14.7 � 1.9

Chung, 200840 4/113 C:4 4 – –

Maleux, 200748 16/266 A:2
B:13
C:1

10 Ascites 1
Bleeding 1
OLT 1

5.25 � 2.4 11 � 3.1

Kochar, 200639 38/733 21 Bleeding 3
Ascites 3
Deaths 3

– –

Kerlan, 199558 5/NR 4 Bleeding 1 – –
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by creating turbulence within the shunt lumen. Initially
bare metal stents were constrained to make an hourglass
shape either with a silk suture or within a parallel balloon-
expandable stent.46,47 However, bare metal stents had
poor accuracy in regulating flow across the shunt.

This ushered the development of constrained covered
stents which provided a measurable, effective and imme-
diate method of shunt reduction. Polytetrafluoroethylene
(PTFE)-covered stents have been found to be superior in
maintaining the correct reduced shunt diameter without
early or late shunt occlusion.48,49 Fanelli et al.,50 used in 12
patients with refractory HE a balloon-expandable stent
with a suture in the middle and dynamic dilation of the
shunt according to the needs of the patient. Technically
successful shunt reduction with an immediate increase in
portosystemic gradient was achieved in all patients. Symp-
toms of HE disappeared within 24 h after the procedure.
During the follow-up, no recurrence of HE was found.

However, endovascular shunt reduction is not always
successful in controlling HE32; in non-responding
patients, probably the presence of large collaterals or
the deterioration of the liver function is more important
than the portal blood diversion and in these patients liver
transplantation remains the ultimate treatment.

The main studies reporting the effect of shunt reduc-
tion in patients with chronic/recurrent refractory post-
TIPS HE are reported in Table 2.
Journal of Clinical and Experimental Hepatology | December 2018 | Vol. 8
Taking into consideration the risk of complications
related to the recurrence of portal hypertension, TIPS
reduction should be evaluated only in patients with at
least 3 episodes of non-precipitant-induced severe enceph-
alopathy requiring hospitalization in the last 3 months
despite continuous treatment with non-absorbable disac-
charides or when there was a persistent HE, defined as the
presence of a continuously detectable altered mental state
with further episodic deterioration despite protein restric-
tion to 1 g/kg of body weight and treatment with non-
absorbable disaccharides.32
CONCLUSION

Shunt-related HE is a difficult clinical problem that is
usually managed conservatively. When HE is refractory to
these conservative treatments, more invasive techniques
are often required. In these kind of patients, endovascular
management of HE by occluding the portosystemic shunt
has been demonstrated largely safe with an objective
improvement in neurological symptoms.
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